THE INFLUENCE OF TETHELIN, AND OF OTHER ALCOHOL-SOLUBLE EXTRACTIVES FROM THE ANTERIOR LOBE OF THE PITUITARY BODY, UPON THE GROWTH OF CARCINOMATA IN RATS by Robertson, T. Brailsford & Burnett, Theodore C.
THE  INFLUENCE  OF  TETHELIN,  AND  OF  OTHER  ALCO- 
HOL-SOLUBLE  EXTRACTIVES  FROM  THE 
ANTERIOR  LOBE  OF  THE  PITUITARY 
BODY,  UPON THE  GROWTH  OF 
CARCINOMATA IN RATS. 
BY T. BRAILSFORD ROBERTSON, PH.D.,  AND THEODORE C. BURNETT, M.D. 
(From  the Rudolph  Spreckels  Physiological  Laboratory  of the  University  of 
California,  Berkeley.) 
(Received  for publication,  February  29,  1916.) 
Preparation of the Substances Employed. 
One of us has recently succeeded in isolating the growth-controlling 
principle  (tethelin,  from  r~0nX,~, growing)  from  the  anterior  lobe 
of the pituitary body.  The methods of isolating the substance, its 
chemical properties and physiological actions,  and  the evidences of 
its  identity with  the  growth-controlling principle are  contained  in 
articles which have been published elsewhere?  Briefly summarized, 
however,  the method of isolating  the  substance is  as  follows: The 
anterior lobes of ox pituitaries are carefully separated from the pos- 
terior  lobes  and  connecting parts  and  stripped  of  their  connective 
tissue capsules.  The tissue is then ground up in a  mortar with three 
times its weight of a  mixture of equal parts by weight of anhydrous 
sodium and calcium sulphates.  The mixture is then dried on a water 
bath  until  nearly  white,  returned  to  the  mortar,  and  thoroughly 
pulverized. 
The  pulverized  material  is  then  extracted  with  boiling  absolute 
alcohol in  an  extraction  apparatus  (of  the  Bailey-Walker  type)  so 
constructed as  to  carry  out the extraction  at  or near  the tempera- 
ture  of boiling alcohol.  The  extraction  is  continued for 48  hours. 
The  solution  thus  obtained  is  evaporated  under  reduced  pressure 
until solid material begins to separate out on cooling.  To this con- 
1 Robertson, T. B., Jour. Biol. Chem.,  1916,  xxiv, 397,  409. 
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centrated solution is added one and one-half times its volume of dry 
ether.  The substance is thus precipitated and, after washing in large 
volumes of alcohol-ether mixture containing alcohol and ether in the 
above mentioned proportions,  may be dried over sulphuric  acid at 
low temperatures and pulverized in a  dry atmosphere. 
The  properties  of  tethelin  may be  summarized  as  follows:  It  is 
markedly hygroscopic, absorbing water rapidly from moist air.  On 
standing  after pulverization  in  contact with  air  in  the presence of 
traces  of  moisture  it  darkens  perceptibly  in  color  and  its  iodine 
absorption  value  decreases.  This  decomposition  is  accelerated by 
warming.  If packed in evacuated glass tubes, however, and perfectly 
dry, it may be heated to 80°C. without any perceptible discoloration. 
Tethelin is soluble in water to the extent of about 5 per cent.  It 
is  also  soluble  in  alcohol,  ether,  chloroform,  and  carbon  tetrachlo- 
ride.  It is insoluble in a mixture of one part by volume of absolute 
alcohol and one and one-half parts by volume of dry ether.  It con- 
tains  1.4 per cent of phosphorus, and  nitrogen in  the proportion of 
four atoms of nitrogen for every atom of phosphorus, two of the atoms 
of nitrogen being present in amino groups  and one in an NH group 
which is  converted into  an amino group by hydrolysis with barium 
hydroxide.  It  yields  unsaturated  fatty  acid  soaps  of  barium  on 
hydrolysis with barium hydroxide, and among the products yielded 
by  hydrolysis with  barium  hydroxide followed by  hydrolysis with 
dilute  sulphuric acid is  found i-inosite  (hexahydroxybenzene). 
Tethelin probably contains an imineazolyl group, and to this extent 
may be regarded as being related to the physiologically active sub- 
stances of the posterior lobe of the pituitary body.  ~  It is not,  how- 
ever,  possessed  of the  characteristic physiological  activity of  these 
substances, relatively large doses administered intravenously to rab- 
bits  (50 rag.  per kilo of body weight) producing only a  very slight 
transient fall in blood pressure and no diuresis. 
The action of tethelin upon  the normal growth of mice is identical 
with the action of the whole anterior lobe.  3  It  consists in a marked 
"~ Barger, G., and Dale, H. H., Jour. Physiol.,  1910-11, xli, 499.  Dale, H. H., 
and Laidlaw, P. P., Jour. Physiol., 1911, xliii, 182.  Aldrich, T. B., Jour.  Am. 
Chem. Soc.,  1915, xxxvii, 203. 
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retardation of the early (preadolescent) growth in weight (subsequent 
to 4  weeks after birth)  and  an  equally marked  acceleration of post- 
adolescent growth. 
In a previous article  4 we have shown that the hypodermic adminis- 
tration of emulsified tissue of the anterior lobe of the pituitary body 
to rats,  either directly into  or in localities  remote from the  tumors, 
leads to a remarkable acceleration of the growth of the Flexner-Jobling 
carcinoma,  especially during the period of growth  between  the  20th 
and  37th  days  succeeding inoculation.  This effect is  specific,  since 
similar  administrations  of  liver  tissue,  during  the  same  period,  far 
from causing any acceleration of the growth of the tumor~,  actually 
resulted in a  slight but definite retardation of their growth. 
In  view  of  these  results  it  appeared  of  importance  to  ascertain 
whether  tethelin  also  reproduces  the  effect  of  the  whole  anterior 
lobe upon  the  growth  of carcinomata,  and  to  that  end  the  investi- 
gations  which  are  about  to  be  described were  undertaken.  At  the 
same time it seemed advisable to ascertain whether any other alcohol- 
soluble  extractive of  the  anterior lobe  of  the  pituitary  body exerts 
any  action  upon  the  growth  of carcinomata.  Three  such  fractions 
were prepared and their action upon the growth of carcinomata was 
investigated. 
Fraction  A.--Tethelin was removed from the alcohol extract by precipitation 
by ether as described above, and the supernatant fluid was syphoned off from the 
precipitate and filtered.  The ether with part of the alcohol was  then distilled 
off at atmospheric pressure (without exposure to the air)  until the boiling point 
of the mixture reached 78  ° C.  The solution,  much diminished  in volume, was 
now cooled by standing in the ice chest for a couple of days.  A small quantity 
of material, slightly soluble in cold alcohol and only partially soluble in ether, was 
deposited.  This was washed in cold alcohol and dried over sulphuric acid.  This 
substance,  which  behaved like lecithin in forming emulsions  with water,  com- 
posed Fraction A.  It probably consisted in great part of a mixture of phospho- 
lipins. 
Fraction  B.--The solution  obtained after the  separation of Fraction A  was 
evaporated to dryness on a water bath in a vessel provided only with a small 
exit for the alcohol  vapor.  The residue  was  taken up  in a  small  quantity of 
ether, in which it was completely soluble, and several  volumes  of acetone were 
added to this solution.  The precipitate was  collected  on a filter,  washed  with 
* Robertson, T. B.,  and Burnett, T.  C.,  Jour.  Exper. Med.,  1915, xxi,  280. 634  INFLUENCE  OF  TETI-IELIN UPON  GROWTH OF  CARCINOMATA 
acetone and  dried  over sulphuric  acid.  This formed Fraction B;  it consisted, 
probably entirely, of lecithins. 
Fraction C.--The filtrate from the above was evaporated to dryness in a water 
bath in a vessel provided only with a small exit for the ether-acetone vapor.  The 
residue,  a dark colored  substance, gummy when cool and soft and viscous when 
warmed, was dried over sulphuric acid.  This formed Fraction C.  It probably 
consisted largely of ordinary fats and also must have contained all the cholesterol 
and cholesterol esters originally present in the tissue.  On triturating with water 
it formed an unstable emulsion. 
From  a  number  of successive  batches  of  300  anterior  lobes,  each 
weighing  approximately  450  gin.  (fresh  tissue),  were  obtained  the 
following  approximate  yields  of  the  above  described  substances. 
gm. 
Tethelin  ............  2.6-3.0 
Fraction A ............  0.3-0.8 
Fraction B ............  4.0-6.0 
Fraction C ............  4.0-6.0 
History  of the  Tumors  Employed. 
We propagated  the  Flexner-Jobling  carcinoma by inoculation  into 
the axillary region through five generations.  The percentage of takes 
was high, varying between 60 and 90 per cent.  Half grown or adult 
animals  were  employed  to  propagate  the  tumors  and  also  in  the 
experiments enumerated below, with the exception of a  small number 
of younger animals evenly distributed  among all the different experi- 
mental  groups.  As  stated  in  our  previous  communication  referred 
to  above,  this tumor,  non-metastasizing when  supplied  to us by Dr. 
Peyton  Rous,  yielded  metastases  in  the first generation in this  labo- 
ratory  and  has  continued  to  do  so  in  succeeding  generations. 
Influence of Tethelin upon the Growth of Carcinomata. 
73 white rats  were  inoculated  in  the axillary region with peripheral portions 
of a large rapidly growing tumor of our 5th generation from Rous's 21st genera- 
tion.  After  21 days 49  of the  animals  (67  per cent)  were found  to have well 
developed tumors.  These  were  divided  into  two  batches.  One,  consisting  of 
24 animals was retained as controls, and the 25 individuals comprising the other 
received, on the 21st,  23rd,  25th,  28th,  30th,  and 32nd  days after  inoculation, 
0.6  cc. each of a 5 per cent solution of tethelin in ~- sodium  chloride,  to which 
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cally on the  side  remote  from  the  tumor.  The  dose  employed  (30  mg.)  corre- 
sponded  to  three anterior lobes, estimating the tethelin content of each anterior 
lobe to be  10 mg.  No ill effects were observed to follow the administrations. 
The  tumors were measured  through  the  skin in  two diameters  at 
right angles to each other on the dates enumerated below (Table I). 
The mean of the two diameters  (usually the longest and  shortest) 
was recorded  as  the  average  diameter  of any given  tumor,  and  the 
average  of these estimates  was regarded  as  the  average  diameter  of 
the tumors in any given group of animals. 
The average diameter  of the tumors in the control animals  on the 
21st day after inoculation  was  12.4 ram.,  that  of the  tumors in  the 
anima]s  reserved  for  treatment  was  12.1  mm.  Calling  these initial 
diameters  in  each  group  100,  and  referring  each  of  the  subsequent 
measurements  to  this  unit  of comparison, we obtained  the following 
results. 
TABLE 1. 
Diameter of tumors in animals 
Days after inoculation.  Diameter of tumors in controls,  receiving tethelln. 
21 
23 
25 
28 
30 
32 
35 
100.0 
105.6 
t10.5 
122.6 
130.6 
143.5 
154.9 
100.0 
117.4 
126.4 
147,9 
156.2 
167.0 
176.0 
These  results  are  depicted  graphically  in  Text-fig.  1.  It  will  be 
seen  that  the  administration  of tethelin  caused marked  acceleration 
of the growth of the primary tumors, their linear growth between the 
first and fifth administration  being from two to three times as rapid 
as  that  of  the  controls. 
On the 63rd day all the surviving animals  (23 of each group) were 
killed  and  the  viscera  examined  for  metastases.  2,  or  9  per  cent, 
of  the  control  animals  were  found  to  have  developed  metastases, 
while 8,  or 35 per cent,  of the treated animals had developed metas- 
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the  tendency  of  the  tumor  to  form metastases,  the  differing  result 
obtained  by us with whole anterior lobe administration*  being prob- 
ably attributable  to the relatively much smaller doses  (only 0.5  gm., 
one-third  of an  anterior  lobe  in  each  dose)  employed  by us  in  our 
previous  experiments. 
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TExT-Fzo.  1.  The acceleration of the growth of carcinomata by hypodermic 
administrations of tethelin. 
The Influence of Other Alcohol-Soluble Extractives of the Anterior Lobe 
of the Pituitary Body upon the Growth of Carcinomata. 
140 white rats were inoculated in the axillary region with peripheral portions of 
a.large tumor taken from one of the controls in the preceding experiments; i.e., 
a  tumor of our 6th generation from Rous's 21st  generation.  After 21  days 105 
of the animals (75 per cent) were found to have well developed tumors.  These 
were divided without selection  into four batches.  One, consisting  of 27 animals, 
was retained  as  controls;  the  remaining three groups, consisting  of  26  animals 
each,  were treated with Fractions A,  B, and C, respectively, on the 21st,  23rd, 
25th,  28th,  30th,  and 32nd  days after inoculation.  In each case the substance 
was administered hypodermically on the side of the animal remote from the tumor. 
Watery emulsions  in ~- sodium chloride  solution containing 0.4  per cent of  tri- T. BRAILSFORD  I~OBEI~TSON AND  THEODORE  C. BURNETT  637 
cresol were employed.  The emulsion  of Fraction A contained 1.7 per cent of the 
substance, while the emulsions  of Fractions B and C each contained 5 per cent of 
these substances.  The dose administered was in each case 0.6 cc. of the emul- 
sion.  No ill effects were observed to follow any of the administrations. 
The average diameter of the tumors in the control animals on the 
21st day after inoculation was 13.1 ram.  The diameters of the tumors 
in the animals subsequently treated with Fractions A, B, and C were 
11.3,  13.4,  and  11.1 ram., respectively.  Calling these initial diame- 
ters in each group 100, and referring each of the subsequent measure- 
ments to this unit of comparison, we obtained the following results. 
TABLE  II. 
Diameter of tumors. 
Days after 
inoculation. 
Controls.  Fraction A.  Fraction B.  Fraction C. 
21 
23 
25 
28 
30 
32 
35 
100.0 
113.7 
119.1 
1.32.1 
147.3 
151.9 
156.5 
100.0 
108.8 
117.7 
133.6 
143.4 
153.1 
161.9 
100.0 
103.7 
115.7 
130.6 
132.8 
135.1 
139.6 
100.0 
105.4 
120.7 
136.9 
142.3 
144.1 
151.3 
These  results  are  depicted graphically in  Text-fig.  2.  It will be 
seen that neither Fraction A  nor Fraction C  exerted any significant 
action upon the growth of the tumors.  Fraction B, however, caused 
a  marked retardation of the growth of the primary tumors.  It will 
be  recollected  that  Fraction B,  consisting as  it  does  of substances 
soluble in alcohol and in ether,  and precipitable by acetone, is com- 
posed almost entirely of lecithin.  The retardation of tumor growth 
following its administration is  therefore merely confirmatory of our 
previous finding  5 that administrations of lecithin markedly diminish 
the  rate  of growth of the  Flexner-Jobling carcinoma in  rats.  The 
lecithin  employed in  our  previous  experiments,  however,  was  pre- 
pared  from yolks of eggs by extracting them with ether and adding 
acetone to this extract.  It therefore probably consisted of a mixture 
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of  approximately equal  parts  of  lecithin  and  cephalin,  °  while  the 
lecithin  employed in  the  experiments  just  described,  owing  to  the 
manner  of  its  preparation  (extraction  of  the  tissue  with  alcohol) 
cannot have contained any admixture of cephalin.  Evidently, there- 
fore, lecithin itself is capable of causing the retardation observed in 
these and our previous experiments.  Whether cephalin is capable of 
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TExT-FIG. 2.  The effect of hypodermic administrations of alcohol-soluble  ex- 
tractives from the anterior lobe of the pituitary body (other than tethelin) upon 
the growth of carcinomata.  Note the  retardation due to the lecithin fraction 
(Fraction B). 
exerting a like retardation or whether it only acted in  our previous 
experiments as an inert diluent of  the lecithin  remains  to  be  ascer- 
tained at some future date. 
In  our  previous  experiments,  moreover,  the  lecithin was  admin- 
• istered by direct injection into  the  tumors.  In  the present  experi- 
ments the lecithin was injected at a locality remote from the tumors. 
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Evidently the  retarding effect of lecithin is  not  attributable  to  a 
purely local action. 
Since  Fraction  C  did not exert an  accelerative action  upon  the 
growth of the tumors, its content of free cholesterol was presumably 
small;  5 no analytical determinations have,  however, been made. 
On the 49th day the surviving animals (twenty-five of each group) 
were killed and  the viscera examined for metastases.  The control 
group and the groups treated with Fractions A and B,  respectively, 
each  yielded  three  animals,  or  12  per  cent,  which had  developed 
metastases.  The  group  treated  with  Fraction  C  yielded five  ani- 
mals with metastases, or 20 per cent.  It is possible  that this slightly 
enhanced tendency to metastasize may have been attributable to the 
cholesterol content of this fraction. 
CONCLUSIONS. 
I.  The hypodermic administration of tethelin increases markedly 
the rate of growth of the primary tumor and the tendency to form 
metastases in  rats  inoculated with  carcinoma, in  this,  as  in  other 
respects,  reproducing the  action  of the  whole anterior lobe  of the 
pituitary body. 
2.  Other  alcohol-soluble  extractives  of  the  anterior  lobe  of  the 
pituitary body, with the exception of the lecithin fraction, exert no 
appreciable effect upon the growth of carcinomata in rats. 
3.  The lecithin fraction, as in previously reported experiments in 
which we employed lecithin obtained from eggs,  causes evident re- 
tardation of the growth of carcinomata in rats. 
In conclusion we desire to express our indebtedness to Mr. Ralston 
B.  Brown, Superintendent of the Oakland Meat and Packing Com- 
pany,  to  whose cooperation we owe the supply of pituitary glands 
which  has  afforded  us  the  opportunity  of  carrying  out  these 
investigations. 